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Abstract
The present study investigated the hypothesis that an inverse relationship exists
between testosterone (T) and anxiety. An attempt was made to manipulate T levels indirectly
by a competition between 2 males. The competitive task consisted of unscrambling a word
whose letters had been rearranged and then assembling colored blocks in a particular fashion.
The participants were led to believe they had control over whether they won or lost, however,
the winners and losers were actually pre-determined by the experimenter. In addition to
having "winners" and "losers," a control group unscrambled the words and assembled
blocks but were not engaged in a competition. In order to determine if T levels were
successfully manipulated, saliva samples were taken at 3 different intervals during the
experiment. Salivary cortisol (C) was also measured concurrently with T as an index of
physiological arousal or stress. Moods were assessed with the Multiple Mfect Adjective
Checklist- Revised (MAACL-R) before and after the competition.
Positive and negative affect were greatly impacted by the competition. Winners were
significantly higher in positive affect and lower in negative affect than losers post-
competition. The mood questionnaire, however, showed no significant differences between
winners and losers in anxiety.
Contrary to expectations, no significant difference existed between the patterns of
change in T or C for the 3 groups. However,all participants experienced a significant rise in
T and C 1 min after the competition. Also, in contrast to expectations, a significant inverse
correlation was not found between T and anxiety.
The hypothesis that changes in T are dependent upon changes in mood was not
supported by the current study. Winners and losers showed significant alterations in mood,
yet all participants experienced an increase in T post-competition.
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Introduction
The Effects of PSYcho1o~ical Stress on Testosterone
Many researchers have examined the endocrine response to various types of stressful
situations. Prior to 1969, most researchers focused their attention on changes in cortisol (C)
and catecholamines because they are related to our body's physiological response to stress.
Specifically, C is a glucocorticoid released from the adrenal cortex. In addition to
profoundly affecting glucose metabolism, C functions to provide protection against an
excessive stress response by the body. The catecholamines (dopamine, noradrenaline, and
adrenaline) are secreted by the adrenal medulla under states of sympathetic arousal (Brown,
1994).
, The androgen response to stress was first studied by Rose, Bourne, Poe, Mougey,
Collins, and Mason (1%9). Ihis group of researchers reported that testosterone (I) and its
metabolites were depressed in soldiers anticipating imminent combat in Vietnam. This
finding suggested that I secretion in human males is suppressed by situations that generate a
great deal of fear or anxiety.
Skydiving is an excellent example of psychological stress since it is potentially life-
threatening and is associated with a great deal of anticipatory fear and anxiety. Chatterton,
Vogelsong, Lu, and Hudgens (1997) found similar androgen suppression in males preparing
to skydive. In this study, plasma and saliva samples were taken hours preceding the dive, just
before the dive, and right after landing. Ihe researchers found that salivary I concentrations
were significantly lower in skydivers throughout the day, particularly just before boarding the
plane. In contrast, both plasma and salivary levels of C in skydivers were significantly lower
than controls before the dive, but both were significantly higher than controls after landing.
In addition, the skydivers' anxiety was assessed on the morning before the jump, just
before boarding the plane, and 10-15 min after landing. Interestingly, skydivers reported low
levels of anxiety on the morning of the jump. Iheir anxiety increased only when the jump
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grew nearer. They were most anxious before entering the plane, and then their anxiety levels
were normal again just 10-15 min after the jump. The authors conclude that skydiving, a
potent psychological stressor, seems to inhibit T secretion in man. Interestingly, the lowest
level of salivary T, right before the jump, occurs at exactly the time of the highest level of
anxiety. This evidence provides indirect support for the hypothesis that T and anxiety have
an inverse relationship. In this case, low levels of T correlate with high levels of anxiety.
Although situations that generate a great deal of fear or anxiety, such as imminent
combat or preparing to skydive, suppress T secretion in human males, this same pattern has
not been demonstrated in less extreme cases of stress. For example, T is relatively unaffected
by examination anxiety. Examination anxiety has been studied by many researchers because
academic examinations are predictable, standardized, and good examples of real-life stressors
(Allen, Batty, Dodd, Herbert, Hugh, Moore, Seymour, Shiers, Stacey, & Young, 1985). When
Allen et al. (1985) studied male medical students before and during a professional
examination, they reported that, overall, emotional changes did not correlate with changes in
eitherT, C, or prolactin. During the week of the actual examination, however, morning C
levels did increase. Herbert, Moore, de la Riva, and Watts (1986) also studied male medical
students before a major examination. Before the examination, anxiety increased and so did
serum C and prolactin. Serum T and luteinizing hormone (LH) levels, however, were
unchanged.
Testosterone and Personality
Personality psychologists and lay people alike are intrigued by the possibility that
there may be a biological basis of personality. Various researchers have investigated the
relationship between T and personality. While the results of systematic research consistently
show a weak relationship between T and personality, there do appear to be some personality
correlates of T that systematically recur (Daitzman & Zuckerman, 1980; Dabbs, Hopper, &
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Jurkovic, 1990; Windle, 1994). These findings also provide indirect support for the
hypothesis that high levels of T result in reduced anxiety.
For example, Daitzman & Zuckerman (1980) found that T levels correlated with
sensation seeking. The researchers define sensation seeking as a trait characterized by "the
need for varied, novel, and complex sensations and experiences and the willingness to take
risks for the sake of such experiences." Individuals who scored in the upper 20% of the
disinhibition sub-scale of the Sensation Seeking Scale (SSS) had significantly higher levels of
T than those who scored in the lower 20% of the sub-scale. The disinhibition sub-scale of the
SSS assesses impulsivity, extraversion, and hedonistic sensation seeking. The researchers
concluded that high levels of T correlated positively with impulsivity and disinhibitory
sensation seeking. High levels of T may also correlate with reduced levels of anxiety since
both impulsivity and disinhibitory sensation seeking are characterized by low levels of
anxiety.
In yet another study, Dabbs et al. (1990) found that individuals who had high levels
of T were more likely to have an antisocial personality and/or abuse drugs and alcohol. Since
sociopathy is typically characterized bylow levels of anxiety, these data provide support for
the hypothesis that high levels of T are associated with reduced levels. of anxiety.
Finally, Windle (1994) divided individuals into groups based on their levels of
behavioral inhibition and behavioral activation. Behavioral inhibition is associated with
feanulness and anxiety, while behavioral activation is associated with nonrestraint and
impulsivity. Thus, behavioral activation is very similar to Daitzman & Zuckerman's (1980)
sensation seeking trait, which is closely related to impulsivity. Windle (1994) found that
higher behavioral activation was associated with higher levels of T and a higher prevalence of
alcohol, substance abuse, and antisocial personality disorders. On the other hand, higher
behavioral inhibition was associated with somewhat higher levels of C and a higher prevalence
of lifetime generalized anxiety and major depressive disorders. Yet again, high levels of T
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could be interpreted to correlate with low levels of anxiety since behavioral activation or
impulsivity is typically characterized by low levels of anxiety.
Testosterone. Aeeression. and Dominance
Afair amount of the Iiterature has been concerned with the relationship between T,
dominance, and aggressive behavior in nonhuman primates. An increase in T is generally
hypothesized to facilitate dominance behavior, while a decrease in T inhibits dominance
behavior. An individual is said to engage in dominance behavior when his intent is to achieve
or maintain status over another member of the same species. Dominance behavior is distinct
from aggressive behavior. An individual is said to engage in aggressive behavior when his
intent is to inflict physical injury on a conspecific. It is important to note that dominance
behavior mayor may not be aggressive, and aggressive behavior need not be dominance
behavior, as in the case of predation againstother species (Mazur, 1976).
Rose, Holaday, and Bernstein (1971) observed 34 male adult rhesus monkeys in
captivity and noted their ranking in a dominance hierarchy and their frequency of aggressive
behavior. Plasma T samples were taken regularly. The researchers found that T had a low
but significant correlation with status rank (rank-order correlation =0.35). Animals in the
highest rank quartile, numbers 1-8, had significantly higher T levels than animals lower in the
dominance hierarchy. T was much more highly correlated, however, with non-contact
aggression, such as threats and chases, (product-moment correlation, I =0.52) and with the
frequency of submissive gestures received by an animal (I =0.52). These findings support
the hypothesis that T is more closely related to the performance of dominance behaviors than
to rank in the dominance hierarchy.
The relationship of T levels to dominance and aggression varies among primate
species. In the rhesus monkeys studied by Rose et al. (1971), dominance behavior was often
characterized by overt and aggressive behavior. In chimpanzees, however, dominance
behavior is displayed in a more subtle and less aggressive way (Mazur, 1976).
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Mazur (1976) suggested that there should be a similar low correlation between T and
aggressiveness in humans, since humans often assert their dominance without the intention to
inflict physical injury. For example, sports, spelling bees, competition for promotion, and
criticism all involve domination without aggression (Mazur & Booth, 1997). In fact, the
relationship between T and human aggression is very unclear to date. Many studies find a
significant relationship between T and aggression (Persky, Smith, & Basu, 1971; Ehrenkranz,
Bliss, & Sheard, 1974), but others fail to replicate this finding (Meyer-Bahlburg, Boon,
Sharma, & Edwards, 1973; Kreuz & Rose, 1972). These equivocal results nonetheless may be
explained by the hypothesis that increased T levels are associated with increased dominance
activity, as opposed to increased aggressive behavior.
Ehrenkranz et al. (1974) investigated the relationship between T, social dominance,
and aggressive behavior in men. Thirty-six prison convicts were divided into 3 groups. One
group consisted of men who were socially dominant but physically unaggressive. Another
group consisted of men who were chronically aggressive. The final group was neither
socially dominant nor physically aggressive. The researchers found that both the socially
dominant group and the chronically aggressive group had significantly higher levels of T
than the group that was neither socially dominant nor physically aggressive. These results are
difficult to interpret since we do not know the level of social dominance in the men who were
chronically aggressive. It seems unlikely, however, that the chronically aggressive group
would have been socially submissive. Nonetheless, the authors conclude that there is a
positive correlation between T and social dominance in men.
I propose that high levels of T in socially dominant men function to reduce their
anxiety. Assuming that dominant individuals have low levels of anxiety as a consequence of
their position in the dominance hierarchy, I propose that it is the high levels of T in socially
dominant men that make them less anxious.
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While the study by Ehrenkranz et al. (1974) supports the hypothesis that a
relationship between T and social dominance exists in men, it also indirectly supports the
hypothesis that high levels of T correlate with reduced levels of anxiety. In the study, the
researchers drew blood from the convicts on 3 successive days and also administered a battery
of psychological tests to the men on the first day of blood sampling. The researchers found a
significant negative correlation ([ =-0.56) between plasma T levels and scores on the Lykken
Measure of Anxiety test in the chronically aggressive group. This aggressive group was
described as quite distinct from the other 2 groups on a variety of psychological items. For
example, the members of this group reported less responsibility, were less socialized, strove
less for achievement through conformity, and were quite autonomous. The researchers
conclude that the significant negative correlation between T and anxiety is a measure of
sociopathy, where anxiety is characteristically low.
The Effects of Competition in Human Males on T Levels
While endogenous T levels correlate with dominance behavior, impulsivity, and
antisocial behavior, T levels also respond to behavior. For instance, after men participate in a
competition for status or dominance, T levels increase in the winners and decrease in the
losers (Mazur & Booth, 1997). Some evidence exists that T levels rise in competitors before a
competition, in anticipation of the impending event (Mazur, Booth, & Dabbs, 1992).
However, this paper will focus on post-competition alterations only.
The relationship between competition and T has often been investigated during
athletic events because these situations are stylized dominance contests with a clear winner and
loser (Mazur & Booth, 1997). For example, Elias (1981). studied T responses to competition
in male wrestlers. He drew blood 10 min prior to, 10 min following, and 35 min post-match.
The percent changes in T levels from prematch to 10 min postmatch were significantly
greater in winners than in losers. These findings support the hypothesis thatT changes in
human males are influenced by winning or losing, however, they must be interpreted in light
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of the evidence that physical exercise increases levels of T (Sutton, Coleman, Casey, &
Lazarus, 1973). Thus, physical exercise can be a confounding variable in some studies.
Some researchers have suggested that the link between status change and changes in T
is contingent upon experiencing a change in mood (Mc Caul, Gladue, & Joppa, 1992; Booth,
Shelley, Mazur, Tharp, & Kittok, 1989; Gladue, Boechler, & Me Caul, 1989; Mazur & Lamb,
1980). In this model, if an individual who experienced a rise in status felt emotional elation,
his T would rise. If, on the other hand, his rise in status was not accompanied by a change in
mood, his T levels would not change. Similarly, a drop in status leading to an increase in
negative mood would decrease T levels. However, if a drop in status was not accompanied by
a decrease in mood, T levels would remain unchanged. According to this scheme, changes in
T would be very rapid, perhaps occurring in minutes.
Work by Mazur and Lamb (1980) is consistent with this hypothesis. These
researchers recruited 6 experienced male tennis players to play in doubles tennis matches.
Two of the matches resulted in a clear victory, and 1 resulted in a close match. Winners of
matches in which there was a clear victory were emotionally elated and showed a postmatch
rise in T. Winners of the close match, on the other hand, did not experience feelings of
personal triumph or emotional elation, and their T levels declined postmatch in the same
fashion as the losers of the matches.
Results by Gladue et al. (1989) also support the hypothesis that changes in T levels
are dependent upon changes in mood. The researchers investigated the effects of winning or
losing a laboratory reaction time task on mood and T in 39 male college students.
Participants were divided into 4 categories based on the pre-arranged outcome of the
competition (winners or losers) and type of victory or loss (close or decisive). Participants'
moods were assessed by the Multiple Affect Adjective Check List (MAACL) after the
competition, and their T was measured through saliva samples every 10 min for the 110 min
of the experiment. The researchers reported that winners had significantly elevated post-
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competition T levels compared to losers, regardless of whether the win was decisive or close.
Nonetheless, a trend appeared in which all participants' T levels rose during the competition
per se, but post-competition T levels declined according to condition and outcome. Winners
have a distinct pattern of elevated T levels post-competition in comparison to losers who have
a distinct pattern of depressed levels ofT.
Gladue et al. (1989) also found that the winners and losers differed from each other
on levels of depression and anxiety. Losers were significantly more depressed than winners,
and winning and losing close competitors were less anxious than winning and losing decisive
competitors. The researchers attribute the differences in anxiety to close competitors being
more involved in the task. The authors of this study should have administered a mood
questionnaire before the task as a baseline and then compared the pre and post-competition
scores for a more accurate measure of post-competition mood.
Nonetheless, the study by Gladue et al. (1989) represents an important shift from
investigating the effects of competition on T in an athletic setting to investigating the effects
of competition on T in a more controlled laboratory setting. This shift has two important
advantages. First, laboratory tasks do not often require physical exercise, which is known to
increase T levels. Second, the experimenters do not have to rely on the competitors to
generate their own outcomes. Rather, they can control who wins and who loses the laboratory
competition. This study also represents an important shift from measuring T in the blood to
measuring T in the saliva. Not only are salivary T and free serum T very highly correlated
(Wang, Plymate, Nieschlag, & Paulsen, 1981; Vittek, L'Hommedieu, Gordon, Rappaport, &
Southren, 1985), but this method is much less intrusive.
Mc Caul et aI. (1992) investigated the effects of winning or losing $5 at a chance task
on T levels and mood in 101 college males. Participants were divided into 3 groups, namely
winners, losers, and controls. Participants in the control group, however, were never shown the
$5, nor were they told that they could win or lose the task. The participants' moods and
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salivary T levels were assessed at regular intervals throughout the experiment. The
researchers found that winners were in better moods than either losers or controls, and the
losers and controls were indistinguishable from each other. The researchers also found that T
levels of winners and losers sharply differed after the task. The T levels of winners rose
slightly, but not significantly, while the T levels of the losers declined dramatically. The T
levels of the controls generally fell in between the winners and losers.
In summary, a competition between 2 human males should produce an increase in T
for the winner and a decrease in T for the loser. Some researchers have suggested that this
change in T is dependent on the winner experiencing an increase in positive moods and the
loser experiencing an increase in negative moods post-competition.
Specific Aims
While many researchers have been concerned with the effects of anxiety on T, the
present study focuses on the effects of T on anxiety. The design of the current experiment is
similar to those done by Gladue et al. (1989) and Mc Caul et al. (1992). An attempt was
made to manipulate T levels through a laboratory competition between 2 college males. In
addition to re-examining the finding that T levels in winners and losers differ post-
competition, this study also attempted for the first time to explicitly test the hypothesis that
winners have low levels of anxiety and losers have high levels of anxiety. It is important to
note that while the data could support the hypothesis that T reduces anxiety, the hypothesis
cannot be proved s,ince T is only being indirectly manipulated. Experimenters who directly
manipulate T levels will be required to verify this hypothesis.
The first objective of this study was to validate the distinct patterns of T in winners
and losers after a competition. I expected that winners would experience a post-competition
rise in T and that losers would experience a post-competition decline in T. Since participants
in the control group did not engage in a competition, their T levels were expected to remain
stable throughout the task. The second objective was to investigate the effects of competition
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on C levels. Since C was used as a measure of physiological arousal or stress, I expected that
winners would have lower levels of C than losers post-competition. The third objective was to
determine whether anxiety was affected by a competition. I expected that winners would have
reduced levels of anxiety and losers would have increased levels of anxiety post-competition.
The fourth objective was to establish whether a negative correlation exists between T and
anxiety. If there is indeed an inverse relationship between T and anxiety, then winners should
have increased levels of T and reduced levels of anxiety and losers should have decreased
levels of T and increased levels of anxiety post-competition. The final objective was to
investigate the effects of competition on mood. I expected that winners would have an
increase in positive moods and that losers would have an increase in negative moods post-
competition.
Methods
Participants
Participants were 69 male Lehigh University undergraduates between the ages of
approximately 18 and 22 selected randomly from the Psychology I Social Psychology
Subject Pool. The males participated as part of a course requirement. Participants were run
in pairs. The participants were not color blind because green and red lights signified winning
and losing in our competition, and the competitive task also required the assembly of colored
building blocks. Also, English was the native language since the adjectives on the mood
checklist had to be understood in order to obtain an accurate measure. Participants were
divided into 3 groups, namely winners, losers, and controls.
Mood Questionnaire
Mood was assessed with the state form of the Multiple Affect Adjective Checklist-
Revised (MAACL-R). There are 132 items on the checklist. The MAACL-R is designed to
assess anxiety, depression, hostility, positive affect, and sensation seeking. Individual scale
scores may be obtained for each of the 5 scales. In addition, scores for dysphoria, or negative
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affect, can be obtained by adding the raw scores of the anxiety, depression, and hostility
scales. Also, the positive affect and sensation seeking (PASS) composite score can be
obtained by adding the raw scores of the positive affect and sensation seeking scales. The
internal reliabilities for each scale in college students range from .79 to .95 (Zuckerman &
Lubin, 1985).
Other Questionnaires
Other questionnaires used included the Attributions Checklist, the Performance
Assessment, and the Background Questionnaire. On the Attributions Checklist, participants
rated the extent to which luck, their skill, and their opponent's skill contributed to their
winning or losing the competition on a scale of 1-7. They also rated the amount of control
they felt they had over theoutcome of the competition on a scale of 1-7. The Performance
Assessment was given to participants in the control group in lieu of the Attributions Checklist.
On this questionnaire, participants rated the extent to which their performance was affected by
the presence of another individual on a scale of 1-7. Participants also rated their feelings
about the amount of time given to complete the task on a scale of 1-7. Finally, participants
rated their satisfaction with their performance in the experiment on a scale of 1-7. The
Background Questionnaire asked all participants various yes/no questions about activities that
are thought to influence T.levels. It also asked participants to rate their stress levels on the·
day of the experiment on a scale of 0-100.
Saliva Samplin~
T and C were measured in the saliva. Salivary T represents the unbound, biologically
active portion of T. Salivary T was used in this study because of its excellent correlation with
serum T (Wang et al., 1981; Vittek et al., 1985) and because it is much less invasive than
standard serum T measurements. Salivary C was used as an index of sympathetic arousal or
stress. It also represents a valid and reliable reflection of the unbound, biologically active
portion of C in the blood. One important advantage of salivary C measurements over blood
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measurements is that saliva sampling is virtually"stress free" (Kirschbaum & Hellhammer,
1994).
A sampling device called a "Salivette" (Sarstedt Inc.) was used to collect saliva in the
experiment. Using this procedure, participants placed a piece of cotton that was encapsulated
with a porous film into their mouths. Participants rolled the Salivette around in their mouths
and collected as much saliva as possible for 3 min. At the end of this procedure, participants
placed the Salivette into its standard centrifugation tube. Following the experiment, the saliva
samples were centrifuged at 2000 rpm at a temperature of 6-8 C for 20 min and were
subsequently frozen at -65 C. When all of the saliva samples were collected, they were sent to
an independent laboratory for radioimmunoassay (RIA).
Three saliva samples were collected during the experiment, and a fourth saliva sample
was collected 1 week after the participants completed the experiment. The Salivettes were
labelled by the experimenter with the date, the participant's number, and the letters A-D,
which corresponded to samples 1-4. The independent laboratory was "blind" to this
labelling system.
Procedure
WinninK and LosjnK Condjtions. All participants were instructed to refrain from
eating, drinking, smoking, brushing their teeth, and exercising 1 h prior to beginning the
experiment because these factors may potentially influence T levels. In addition, all
participants were required to participate in the experiment between the hours of 2:00 and
5:30 p.m. to control for circadian variations in T (Dabbs, 1990). The procedural sequence
was as follows:
1. Each participant was required to review and sign an informed consent form prior to
beginning the experiment (see Appendix A).
2. Mter signing the informed consent forms, participants collected the first saliva sample
using the Salivette method. This occurred roughly 10 min before the competition.
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3. Mter collecting saliva sample I, participants filled out the MAACL-R. Participants were
instructed to check the adjectives which describe "how you feel now-today" and were also
told to work rapidly and skip any words that they did not understand.
4. Before beginning the competition, participants listened to a recorded set of instructions
that described the procedure for the competitive task (see Appendix B). For the competition,
participants were run in pairs, and they competed against each other. They did not compete .
face to face, however. Rather, there was a barrier separating the 2 participants from each
other.
5. The competition consisted of 15 trials and lasted for approximately 10 min. The signals
to begin and end each trial were dictated through headphones in order to keep the
competition as similar as possible for all participants and to provide a sound buffer. It was
important that participants did not hear each other during the competition because the pre-
determined outcome of the trial was independent of a true win or loss. When the participants
were told to begin, they first unscrambled a word whose letters had been rearranged. A word
list (see Appendix C) was hidden under a cover sheet, and the participants were told to move
the cover sheet down to display 1 word at a time. Next, participants flipped over the top card
from a pile of numbered notecards on the table. The participants built the structures which
were displayed on the card flat on the desk. The formations were relatively simple. For each
trial, the participant unscrambled 1 word and assembled 1 structure. Each participant saw the
same word and notecard in the same order. Mter building the structure out of blocks,
participants raised their hand to notify the experimenter that they were done. Mter a short
delay, each participant saw either a green light or a red light illuminate. The experimenter
manually manipulated the lights from behind a barrier so the participants could not see what
she was doing. A green light signified that the participant won the trial, and a red light
signified that the participant lost the trial. Participants were led to believe that they won or
lost according to their own skill or effort, however, the outcomes of each trial were pre-
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determined by the experimenter. There was a winner and a loser for each trial. There was
also an overall winner and loser at the end of the competition. Winners were defined by
winning 11/15 trials, or 73%, and losers were defined by winning only 4/15 trials, or 27%.
The experimenter gave the participants notecards that read either "you won" or "you lost"
at the conclusion of the competition. At this time, overall winners were also rewarded for
their "effort" with a gift certificate for a free pizza.
6. Saliva sample 2 was collected 1 min after the completion of the competition.
7. Mter collecting the saliva, participants were asked to fill out the MAACL-R again after
listening to the same set of instructions. They were also asked to fill out an Attributions
Checklist and a Background Questionnaire at this time (see Appendixes D and E).
8. Mter completing the above questionnaires, participants collected saliva sample 3.
Roughly 15 min had now elapsed since the competition.
9. Finally, participants were given an oral and written debriefing (see Appendix F) when the
project was complete. The debriefing addressed the deception involved in the "study and
revealed the true purpose of the experiment. At this time, the losers of the competition also
received a gift certificate for a free.pizza.
10. Participants were asked to return for a fourth saliva sample within 1 week at the same
time of day as they did the actual experiment. They were again instructed to refrain from
eating, drinking, smoking, brushing their teeth, and exercising 1 h prior to collecting the
saliva sample. Participants rested for 10 min before collecting the sample with the Salivette.
They received extra credit for returning for the fourth saliva sample.
Control Condition. Participants in the control group followed the same procedure as
winners and losers until the competition. At this point, controls were run in pairs and
participated in the same task as the other 2 groups, however, they were not engaged in a
competition against another peer. They simply unscrambled words and assembled blocks.
Again, there were 15 trials, and the procedure lasted approximately 10 min. The instructions
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to participants (see Appendix G) and signals to begin and end each trial were dictated
through headphones. Participants raised their hand to notify the experimenters that they were
done, however, they did not see any lights at the conclusion of the trial. Participants in the
control group did not receive a gift certificate for participating in the study. Saliva sample 2
was collected at the conclusion of the 15 trials. After collecting the saliva, participants filled
out the MAACL-R, a Performance Assessment (see Appendix H), and the Background
Questionnaire. Finally, saliva sample 3 was collected, and participants were given an oral and
written debriefing (see Appendix I) revealing the true purpose of the study. Participants were
also asked to return for a fourth saliva sample within 1week at the same time of day that they
did the actual experiment.
Statistical Analyses
Several individuals were removed from the study. When I examined the data, I
noticed that some individuals seemed to be experiencing a spontaneous rise in T 10 min
before the competition. I removed these individuals from the study because there is likely a
refractory period during which there cannot be another pulse in T. Upon inspection of the
data, I also noticed that some individuals had extremely high levels of C, which may indicate
that they were extremely stressed by the experiment. These individuals were also removed
from the study because their stress levels were not characteristic of the other participants in
the study. One individual refusedto contribute saliva, and his data was excluded from the
analyses. An additional 2 participants were excluded from the study because they completed
the experiment after the saliva samples were sent away for analysis. There were also a few
missing samples of T and C, either because the labels fell off during shipping or because the
individuals did not return for the fourth saliva sample. There were n=54 individuals in the
final analysis. The uncorrected data can be found in Appendix J. Note that T and C values
were multiplied by 100.
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A two-way repeated measures ANOVA was performed on a 3 (groups) x 4 (saliva
samples) mixed factorial for both T and C. The between-subjects variable was the groups,
and the within-subjects variable was the different saliva samples. The units of measurement
for the T values were ng/ml, and the C values were measured in Jlg/dl. In addition, a Kruskal-
Wallis Test was conducted on the data from the anxiety, depression, and hostility scales of the
MAACL-R for the 3 groups. A Mann-Whitney U Test was performed on the data from the
same scales for winners and losers. Many scores on the anxiety, depression, and hostility
scales were extremely low, and this floor effect violated the assumptions for an ANOVA. A
two-way repeated measures ANOVA was also performed on a 3 (groups) x 2 (mood
questionnaires) mixed factorial for positive affect, dysphoria, sensation seeking, and PASS.
The between-subjects variable was the groups, and the within-subjects variable was the
different times of administration of the MAACL-R A one-way ANOVA was used to analyze
the data from the Attributions Checklist and the Background Questionnaire. A Spearman's
Rank Correlation was computed for the hormones and anxiety, depression, and hostility, since
those data were not normally distributed. A Pearson's Product Moment Correlation was
computed for the hormones and the other mood variables measured by the MAACL-R.
Results
Testosterone
Figure 1 shows the mean levels of T for the groups across the various saliva samples.
The T levels did change systematically across the different sampling periods, f(3, 144) =
3.73,12 < .02, which reflected that fact that all groups experienced a rise in T, 1 min after the
competition. However, the patterns of change in T for the 3 groups across the different
sampling periods were not significantly different, f(6, 144) =.83,12 =n.s. The 3 groups were
also statistically indistinguishable from each other based on their T levels when collapsed
across all sampling periods, f(2, 48) =3.18,12 =n.s.
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Figure 2 shows the mean levels of T collapsed across groups for the 4 sampling
periods. When contrasts were performed, the analyses confirmed that there was a significant
rise in T 1 min after the competition when compared to the initial baselines taken 10 min
before the task, E(I) =9.03, R< .004. However, only 15 min after the competition, the
participants' T levels had declined to the level of their initial baselines, EO) =.45, R=n.s. In
addition, the baseline levels of T taken 10 min before the competition for all participants were
not significantly different from those taken 1 week after the competition, E(1) =.08, 1l = n.s.
Therefore, the participants' T levels 10 min before the competition appear to be
representative of their normal baselines.
Cortisol
Figure 3 shows the mean levels of C for the groups across the 4 sampling periods.
The C levels did change. systematically across the different sampling periods, E(3, 144) =
5.65, 12 < .002, and reflected that fact that all groups showed elevated C levels after the
competition. However, the patterns of change in C for the 3 groups across the different
sampling periods were not significantly different, E(6, 144) =.68,1l =n.s. The 3 groups were
also statistically indistinguishable from each other based on their C levels when collapsed
across all sampling periods, E(2, 48) =3.18, 12 =n.s.
Figure 4 shows the mean levels of C collapsed across groups for the 4 sampling
periods. When contrasts were performed, the analyses confirmed that there was a significant
rise in C, 1 min after the competition, for all groups when compared to the initial baselines
taken 10 min before the task, EO) = 13.02,12< .0005. Fifteen min after the competition, the
participants' C levels were still as high as their levels 1 min after the competition, EO) =1.03,
'12 = n.s. The analyses also confirmed that the baseline levels of C taken 10 min before the
competition for all participants were not significantly different from those taken 1 week after
the competition, E(I) =.39, R=n.s. Therefore, the participants' C levels 10 min before the
competition appear to be representative of their normal baselines.
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MMCL-R
Anxiety. The mean number of items checked on the anxiety scale of the MAACL-R
before and after the competition for the 3 groups is shown in Figure 5. Overall, the 3 groups
did not differ in the average levels of anxiety over the course of the experiment, H(2) = .68, l!
=n.s. There was also no significant difference between the 3 groups on the change in
anxiety from pre to post-competition, H(2) =4.26, l! =n.s.
When winners and losers were compared, the groups did not differ in the average
levels of anxiety over the course of the experiment, Z = .83, l! = n.s. There was also no
difference between winners and losers on the change in anxiety from pre to post-competition,
Z = .83,12 = n~s.
Depression. Figure 6 represents the mean number of items checked on the depression
scale of the MAACL~R before and after the competition for the 3 groups. Overall, the 3
groups did not differ in the average levels of depression over the course of the experiment,
H(2) = 2.12, l! = n.s. However, when the 3 groups were compared on the change in
depression from pre to post-competition, the pattern of change was significantly different,
H(2) =8.52, l! < .02. In general, losers became more depressed and winners became less
depressed post-competition, while the levels of depression for the control group remained low
and virtually unchanged.
Winners and losers did not differ in the average levels of depression over the course
of the experiment, Z=.15, l! =n.s. However, the pattern of change in depression from pre to
post-competition was significantly different, Z = 2.71, 12 < .008. In general, losers became
more depressed and winners became less depressed post-competition.
Hostility. The mean number of items checked on the hostility scale of the MAACL-R
before and after the competition for the groups is depicted in Figure 7. When the 3 groups
were compared, they did not differ in the average levels of hostility over the course of the
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experiment, H(2) = 1.15, P = n.s. The 3 groups also did not diffe~ on the change in hostility
from pre to post competition, H(2) =5.24, P =n.s.
When only winners and losers were compared, the groups did not differ in the average
levels of hostility across the experiment, Z=.03,12 =n.s. However, the pattern of change in
hostility from pre to post-competition was significantly different, Z=2.12, 12 < .04. In
general, losers became more hostile and winners became less hostile post-competition.
Dysphoria. Figure 8 shows the mean score for dysphoria as measured by the
MAACL-R before and after the competition for the groups. Overall, the 3 groups did not
significantly differ in the average levels of dysphoria, f(2, 51) =1.77, n=n.s. In general,
dysphoria also did not change significantly as a result of the competition, EO, 51) = .07,12=
n.s. However, the pattern of change in dysphoria from pre to post-competition was
significantly different for the 3 groups, f(2, 51) =5.41, 12 < .008. In general, dysphoria
increased for losers and decreased for winners post-competition, while the levels of dysphoria
for the control group remained low and only increased slightly.
Positive Affect. The mean number of items checked on the positive affect scale of the
MAACL-R before and after the competition for the groups is shown in Figure 9. Overall, the
3 groups did not differ in their average levels of positive affect, f(2, 51) =.91,12 =n.s. In
general, when collapsed across groups, the scores for positive affect also did not differ before
and after the competition, f(l, 51) =3.00, 12 =n.s. However, as seen in Figure 9, the pattern
of change in positive affect from pre to post-competition was significantly different for the 3
groups, f(2, 51) =7.23, 12 < .002. In general, positive affect showed a large decline for losers
post-competition and only slightly increased for winners and slightly decreased for controls.
Sensation Seekina. Figure 10 represents the mean number of items checked on the
sensation seeking scale of the MAACL-R before and after the competition for the 3 groups.
Overall, the groups did not significantly differ in sensation seeking, f(2, 51) =.13,12 =n.s.
Nor did sensation seeking change significantly as a result of the competition, f(l, 51) =.13,12
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and losers, EO, 33) = .01,12 = n.s.
Back~round Questionnaire
Figure 14 shows the mean. ratings of stress on the day of the experiment for the 3
groups. The stress levels did not significantly differ between the groups, E(2, 51) =2.58,12 =
n.s.
Relationships between the Hormones and Mood
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The correlations between the levels of T and C and the mood variables measured by
the MAACL-R are shown in Table 1. There was a significant negative correlation between C
levels 10 min before the competition and dysphoria pre-competition.
The correlations between the percent changes in T and C from 10 min before to 1
min after the competition and the changes in mood from pre to post-competition are shown
in Table 2. There were no significant correlations.
Discussion
The Effect of Competition on I
The first objective of the study was to validate the distinct patterns of T in winners and
losers after a competition. Despite findings by Gladue et aI. (1989) and Mc Caul et aI.
(1992), the data did not support the hypothesis that winners have high levels of T and losers
have low levels of T post-competition. The patterns of change in T were not significantly
different for the 3 groups. However, it is important to note that all participants' T levels were
elevated 1 min after the competition, which reflects the fact that the competition did have an
impact on T, regardless of whether the participant won or lost.
The Effect of Competition on C
Another objective was to investigate the effects of competition on C levels. Since C
was used as a measure of physiological arousal or stress, I expected that winners would have
low levels of C and losers would have high levels of C post-competition. The data did not
support this hypothesis. The pattern of changes in C did not significantly differ among
winners and losers. However, it is important to note that all participants experienced a rise in
C due to the competition that lasted at least 15 min. This may reflect the fact that this
competition was inherently stressful for all participants, regardless of whether they won or
lost.
The Effect of Competition 00 Anxiety
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Another objective of the study was to determine if anxiety was affected by the
competition. I expected that winners would have reduced levels of anxiety and losers would
have increased levels of anxiety post-competition, however, the data from the MAACL-R did
not support this hypothesis. According to the scores on the anxiety scale of the MAACL-R,
there were no differences between winners and losers either overall or post-competition.
There are 2 possible explanations for why the data from the MAACL-R did not
support the hypothesis about anxiety. First, the MAACL-R may not have been an appropriate
measure of mood for the current study. Specifically, the words that comprise the anxiety
scale are very severe and may not have applied to milder forms of anxiety. Some of the
adjectives on the list include panicky, frightened, fearful, and shaky. A competition that
consisted of unscrambling words and building blocks would not likely cause many
individuals to experience the feelings associated with the anxiety scale of the MAACL-R. In
fact, when I examined the actual data, there were a large number of individuals who checked
zero adjectives on the anxiety scale after the competition.
Another important issue is the fact that nearly half of the individuals in the study were
not anxious when they began the experiment, as measured by the MAACL-R. This finding is
critical because these participants cannot possibly have reduced levels of anxiety post-
competition if they had none to begin with. This notion is especially germane for winners,
who were expected to have decreased levels of anxiety post-competition.
The Relationship between I and Anxiety
Another objective of the study was to determine the relationship between T and
anxiety. My hypothesis was that winners would have increased levels of T and reduced levels
of anxiety and losers would have decreased levels of T and increased levels of anxiety post-
competition. However, the experimental data did not support this hypothesis. In addition, I
did not find a significant correlation between T levels and anxiety, nor did I find a
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relationship between the change in T from 10 min before to 1 min after the competition and
the change in anxiety from pre to post-competition.
The Effect of Competition on Mood
Another objective of the current study was to determine the impact of a competition
on mood. I hypothesized that winners would have an increase in positive moods and losers
would have an increase in negative moods post-competition, and the data supported this
hypothesis. Positive affect was significantly reduced in losers post-competition, and
dysphoria or negative affect was significantly increased in losers post-competition. While the
competitive task in the experiment did not affect anxiety, according to the MAACL-R, the
competition was extremely successful at manipulating other moods. Specifically, I believe
that the pre-determined pattern of winning and losing greatly contributed to the positive
moods in winners and dysphoria in losers. Winners saw green lights nearly three-quarters of
the time during the competition (11/15 trials), while losers saw an equal amount of red lights.
When the experimenter gave the participants notecards that read either "you won" or "you
lost" at the conclusion of the competition, the participants were not at all surprised by the
outcome. The winning and losing in the experiment was intended to be indisputable. It is
also possible that the significant increase in dysphoria in losers was related to the nature of the
task. Specifically, since the task was relatively simple, some losers may have been even more
frustrated than expected.
Critical Fjndin~s on Mood
Many researchers have hypothesized that changes in T are dependent upon changes
in mood (Mc Caul et al., 1992; Booth et aI., 1989; Gladue et al;, 1989; Mazur & Lamb,
1980). According to this model, an individual's T increases when he experiences an increase
in positive moods and decreases when he experiences an increase in negative moods. If an
individual does not experience a change in mood, his T levels will not change. This
hypothetical model was clearly not supported by the current study. Winnershad a significant
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increase in positive moods post-competition, and losers had a significant increase in
dysphoria post-competition, yet all of these participants experienced an increase in T
immediately after the competition. Thus, these data do not support a direct link between
changes in T and changes in mood.
Relationships between the Hormones and Mood
While there was no significant relationship between T and anxiety, there was a
significant inverse relationship between C levels 10 min before the competition and dysphoria
pre-competition. While there is likely some degree of relationship between hormones and
mood, the nature of that relationship is very unclear to date.
Directions for Future Research
I would not change the design of the competitive task in the current experiment.
Although it was simple, unscrambling words and building blocks, participants seemed to be
very involved in the task. Their engagement in the task was best demonstrated by their
changes in moods according· to the outcome of the competition. In addition, the
administration ofthe MAACL-R before and after the competition was an improvement on the
study by Gladue et al. (1989) because it documented a change in mood as a result of the
competition.
An important change that I would make, however, is to make the competition more
stressful for all participants. It is important that participants begin the task with detectable
levels of anxiety so that their moods can change as a result of the experiment. The only other
change that I would make to the current study is to increase the number of saliva samples
collected. It would be ideal if saliva could be collected every 10-15 min. The present study
nonetheless provided a good foundation for future research.
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Table 1
Correlations between the Levels ofT and C and the Mood Variables as Measured by the Multiple Affect
Adjective Checklist-Revised (MAACL-R).
Anxbefore Anx after Dep before Dep after Host before Host after Dys before
T· 10 min before -0.17 -0.08 -0.18 -0.18
T- I min after 0.06 0.09 0.05
T· 15 min after 0.23 0.01 -0.05
C-IO min before 0.03 0.02 -0.11 -0.33
C- I min after 0.07 -0.10 0.01
C· 15 min after 0 -0.20 0.01
Dys after PA before PA after SS before SS after PASS before PASS after
T· 10 min before 0.09 -0.02 0.09
T· I min after 0.05 -0.12 0.04 -0.06
T- 15 min after 0.07 -0.11 -0.08 -0.10
C- 10 min before 0.06 0.01 0.07
C- I min after -0.10 0.16 0.25 0.22
C- 15 min after 0.05 0.04 0 0.03
Note. There were n:=: 54 pairs for all correlations involving T 10 min before and 15 min after and C 10 min before
and I min after. There were n:=: 53 pairs for all correlations involving T 1 min after and C 15 min after. Values
that are significant at alpha2 :=: .05 are bolded.
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Table 2
Correlations between the Percent Chanl:e in the Levels of T and C from 10 min before to I min after the Competition and the Chanl:e
in Mood as Measured by the MAACL-R.
Change In anx Change In dep Change In host Change In pa Change In ss Change In pass Change In dys
% change InT 0.03 0.19 0.19 -0.14 -0.05 -0.13 0.16
% change InC 0.06 -0.09 0.10 -0.15 0.04 -0.10 0.10
Note. There were!! =52 pairs for all correlations involving T. There were!! =54 pairs for all correlations involving C. There were
no significant correlations at alph~ =.05.
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Figure Captions
Fi~ure 1. Mean (± SEM) levels ofT for winners, losers, and controls across saliva
samples. Samples were taken 10 min before the competition, 1min after the competition
had ended, 15 min after the competition had ended, and 1week after the competition.
Fi~ure 2. Mean (±SEM.) levels ofT collapsed across the different treatment conditions for
the 4 saliva sampling periods. Samples were taken 10 min before the competition, 1min
after the competition had ended, 15 min after the competition had ended, and 1 week after
the competition.
Fi~ure 3. Mean (±.sEM) levels of C for winners, losers, and controls across saliva
samples. Samples were taken 10 min before the competition, 1min after the competition
had ended, 15 min after the competition had ended, and 1 week ,after the competition.
Fi~ure 4. Mean (±~ levels of C collapsed across the different treatment conditions for
the 4 saliva sampling periods. Samples were taken 10 min before the competition, 1min
after the competition had ended, 15 min after the competition had ended, and 1 week after
the competition.
Fi ~ure 5. Mean (±.sEM) score for anxiety on the Multiple Mfect Adjective Checklist-
Revised (MAACL-R) for winners, losers, and controls approximately 5 min before and 5
min after the competition.
Fi ~ure 6. Mean (±.s&MJ score for depression on the MAACL-R for winners, losers, and
controls approximately 5 min before and 5 min after the competition.
Fi~ure 7. Mean (±SW> score for hostility on the MAACL-R for winners, losers, and
controls approximately 5 min before and 5 min after thecompetition.
Fi~ure8. Mean (± SEM) score for dysphoria on the MAACL-R for winners, losers, and
controls approximately 5 min before and 5 min after the competition.
Fil:ure 9. Mean (±SEM) score for positive affect on the MAACL-R for winners, losers,
and controls approximately 5 min before and 5 min after the competition.
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6~ure 10. Mean (± SEM) score for sensation seeking on the MAACL-R for winners,
losers, and controls approximately 5 min before and 5 min after the competition.
Fi2ure 11. Mean (±.sEM) score for positive affect and sensation seeking (PASS) on the
MAACL-R for winners, losers, and controls approximately 5 min before and 5 min after
the competition.
Fi2ure 12. Mean (±SEM.) ratings for winners and losers on the extent to which luck, their
skill, and their opponent's skill contributed to the outcome of the competition.
Fi2ure 13. Mean (± SEM.) ratings of the level of control that winners and losers felt they
had over the outcome of the competition.
Fi2ure 14. Mean (± .s.EM) ratings of stress levels on the day of the experiment for
winners, losers, and controls.
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Appendix A: Informed Consent Fonn
I, , hereby agree to participate as a research
participant in the research project Problem Solving and Physiological Measures,
conducted by Sara Zuckennan, Stacey Stein, and Nathalie Horowicz.
It has been explained to me that the purpose of this study is to learn about the
relationship between problem/puzzle solving and physiological functioning. At
various intervals, I will be asked to collect saliva by chewing on a small piece of
cotton called a Salivette. Saliva samples will be analyzed at a later date by an
independent laboratory for the purposes of this experiment ONLY. All results will be
strictly confidential. At various intervals, I will also be asked to fill out several
questionnaires. My participation will involve approximately 1hour during today's
visit and then an additional halfhour within one week from today.
I understand the possible risks to me associated with this study are minimal.
I understand that the data or answers to questions in this experiment are
confidential with regard to my identity and will be stored anonymously.
I understand that my participation is voluntary and that I am free to withdraw
from this study at any time without jeopardizing my standing in Pysch 1/S Psych 21
course in any way.
If I have any questions about this study and what is expected ofme, I may ask
Sara Zuckerman (866-0771), Stacey Stein(758-0608), Nathalie Horowicz (758-
2275), John Nyby (758-3625), or Ruth Tallman at the Office ofResearch (758-3024).
I understand that.at the end of this session, I will be given further infoimation about
the study, about whom to contact if! have questions, and aboutwhom to contact if!
have any problems which are a result ofmy participation in this study.
I have read and understand the foregoing infonnation.
Date --'Research Participant's Signature _
I was present when the study was explained to the subject(s) in detail and to
my best knowledge and belief it was understood.
Date Witness Signature _
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Appendix B: Instructions to Participants (Winning and Losing Conditions)
Welcome to Problem Solving and Physiological Measures. Today you will be
participating in a competition against one ofyour peers. This competition will consist
of 15 trails, and it will last approximately 10 minutes. Barriers have been put in place
to ensure that work is done independently. The signals to begin and end each trial
will be dictated through headphones. When you are told to begin, please move the
cover sheet down to display the first word on the paper in front ofyou. Next you will
flip over the top notecard from the pile on the desk. Use the blocks to assemble the
structure as it is drawn. Build the structure flat on the table. When you are finished
building the structure out Of the blocks, please raise your hand to signal that you are
done. After a short delay, you will see either a red light or a green light illuminate. A
green light signifies that you have won the trial, and a red light signifies that you have
lost the trial. There will be a winner and a loser for each trial. There will also be an
overall winner and an overall loser at the end of the competition that will be
announced by the experimenter. You will be excited to learn that overall winners of ..
this competition will be rewarded for their efforts with a gift certificate to Campus
Pizza that is good for one free large pizza. •When you are told to begin the next trial,
move the cover sheet down to display the next word on the paper and then flip over
the next card to build the next structure. Only unscramble one word and build one
structure per trial. At this time, please remove your headphones to watch a brief
demonstration. Remember that this is a competition, so work as quickly as possible!
Please wait for the signal to begin trial one. Ifthere are any questions at this time,
please raise your hand to notify the experimenter. Let the games begin....
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1. 0 KB 0
2. ETA S
3. LGUE
4. RCDA
5. MPAL
6.ISDK
7. TEON
8. ULLP
9. R T A Y
10. S EKD
11. KESY
~~.
12. EO S H
13. OA TC
14.IGRN
15. NGIW
Appendix C: Word List
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Appendix D: Attributions Checklist
Did you win or lose? _
Please circle one number for each scale.
Please rate how important luck was in your winning or losing.
1 2
Not
Important
3 4
Somewhat
Important
5 6 7
Extremely
Important
Please rate how important your skill was in your winning or losing.
1 2
Not
Important
3 4
Somewhat
Important
5 6 7
Extremely
Important
Please rate how important your opponent's skill was in your winning or losing.
1 2
Not
Important
3 4
Somewhat
Important
5 6 7
Extremely
Important
How much control did you have over whether you won or lost?
Complete
Control
2 3 4
Moderate
Control
50
5 6 7
Absolutely
No Control
Appendix E: Background Questionnaire
Age Major College: A&S Engineering
Business
Where are you from? Year in school
--------- -------
Did you have a cigarette within one hour prior to beginning the experiment?
Yes No
Did you participate in vigorous exercise within one hour prior ~o beginning the
experiment? Yes No
Ifyes, what type of exercise? _
Did you eat any food within one hour prior to beginning the experiment? Yes No
Did you brush your teeth within one hour prior to beginning the experiment? Yes
No
Are you currently taking any prescription medications? Yes No
Do you hold any leadership positions either at school or outside of school? Yes No
Ifyes, please list them here.
According to the scale of 0-1 00 shown below, please rate the level of stress thatyou
are feeling today on this line. _
Note: Stress may be from academics, interpersonal relationships, etc.
o
Not at all
Stressed
50
Moderately
Stressed
51
100
Extremely
Stressed
Appendix F: Written Debriefing (Winning and Losing Conditions)
The purpose of this study was to examine the relationship between Testosterone and moods
in college males.
In this experiment, two subjects competed against each other in laboratory competition that
consisted of unscrambling words and building blocks in a particular fashion. You were led to
believe that you won or lost according to your own skills, how€ver, the outcome of each trial
was actually pre-determined by the experimenter. The overall winners and losers were also
pre-determined by the experimenter. Overall winners were defined by winning approximately
70% of the trials, while overall losers were defined by winning approximately 30% of the
trials. The deception involved in this study was necessary to stimulate a real competition.
Also, because the outcomes of the competition were pre-determined by the experimenter, we
have decided that overall losers of the competition should receive a gift certificate to Campus
Pizza.
During this experiment, you were asked to collect three saliva samples. At a later date, these
samples will be analyzed by an independent laboratory for concentrations ofTestosterone and
Cortisol only. The outcome of a competition has been demonstrated to affect hormonal levels
ofTestosterone and CortisoL Testosterone is a very important male hormone and Cortisol is a
hormone that is related to physiological arousal. All information regarding the saliva samples
will be strictly confidential and will be used solely for the purpose of this study. At various
intervals during the experiment, your mood was assessed by the MAACL-R (Multiple
Adjective Checklist-Revised). This checklist assesses three different "negative" moods
(anxiety, depression, hostility), positive affect and sensation seeking.
This experiment is part of a series of studies that suggest that high levels of Testosterone can
reduce Anxiety. We hope to demonstrate that winners of the competition have high levels of
Testosterone and low levels of Anxiety, and losers of the competition have low levels of
Testosterone and high levels of Anxiety. Cortisol should vary with the stress of the
competition. This research has potential benefits for society at large. For instance,
Testosterone may become an important component in the treatment of Anxiety disorders in
the future. Any· anxiety experienced as a result of the experiment should be moderate and
very short term.
If you ltave any questions about the study, please contact the experimenters: Sara Zuckerman
(866-0771), Stacey Stein (758-0608) or Nathalie Horowicz (758-2275), John Nyby(758-
3625), or Ruth Tallman at the Office of Research (758-3024). Ifyou would like to learn more
about, this topic, a list ofrelevant articles can be obtained from the experimenters.
If you have any problems concerning your participation in this experiment, please contact the
Participant Pool coordinator, Professor Martin L.Richter, Department of Psychology, Lehigh
University (Phone: 758-3622).
Thank you for your participation.
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Appendix G: Instructions to Participants (Control Condition)
Welcome to Problem Solving and Physiological Measures. Today you will be
participating in an experiment that will consist of 15 trails, and it will last
approximately 10 minutes. Barriers have been put into place to ensure that work is
done independently. The signals to begin and end each trial will be dictated through
headphones. When you are told to begin, please move the cover sheet down to
display the first word on the paper in front ofyou. Next you will flip over the top
notecardfrom the pile on the desk. Use the blocks to assemble the structure as it is
drawn. Build the structure flat on the table. When you are finished building the
structure out of the blocks, please raise your hand to signal to the experimenter that
you are done. After a short delay, you will be told to begin the next trial. At this
time, move the cover sheet down to display the next word on the paper and then flip
over the next card to build the next structure. Only unscramble one word and build
one structure per trial. At this time, please remove your headphones to watch a brief
demonstration. Please wait to for the signal to begin trial one. If there are any
questions at this time, please raise your hand to notify the experimenter.
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Appendix H: Performance Assessment (Control Condition)
Please rate the extent to which your performance was affected by the presence of
another participant.
1
Completely
Unaffected
2 3 4
Moderately
Affected
5 6 7
Extremely
Affected
Please rate how you feel about the amount of time given to complete the tasks.
Too Little
Time
2 3 4
Ample
Time
5 6 7
Too Much
Time
Please rate your satisfaction with your performance in the experiment.
Completely
Dissatisfied
2 3 4
Moderately
Satisfied
54
5 6 7
Completely
Satisfied
Appendix I: Written Debriefing (Control Condition)
The purpose of this study was to examine the relationship between Testosterone and
mood in college males.
In this experiment, you served as the control group. Individuals in the experimental
condition participated in a laboratory competition that consisted of uriscrambling
words and assembling building blocks in a particular fashion. You completed the
same tasks as the participants in the experimental condition, but you were not
engaged in a competition. The outcome of a competition normally affects hormonal
levels of Testosterone and Cortisol, but, since you did not participate in a
competition, your hormonal levels of Testosterone and Cortisol should have remained
fairly constant. Testosterone is a very important male hormone and Cortisol is a
hormone that is related to physiological arousal.
During this experiment, you were asked to collect three saliva samples. At a later
date, an independent laboratory will analyze these samples for concentrations of
Testosterone and Cortisol. Your hormonal levels will be compared to hormonal levels
of participants in the experimental condition. All information regarding the saliva
samples will be strictly confidential and will be used solely for the purpose of this
study. At various intervals during this experiment, your moods were also assessed by
the MAACL-R (Multiple Affect Adjective Checklist-Revised). This checklist
assesses three different "negative" moods (anxiety, depression, hostility), positive
affect and sensation seeking..
This experiment is part of a series of studies that suggest that high levels of
Testosterone can reduce Arixiety. The control group in this experiment was meant to
assess the variation of mood when Testosterone is not manipulated. In the control
subjects, we expect to find a very small variation in testosterone and mood throughout
the experiment. Moreover, Cortisol should remain stable since participants should not
. experience competitive stress. Any anxiety experienced as a result of this experiment
should be moderate and very short term.
If you have any questions about the study, please contact the experimenters: Sara
Zuckerman (866-0771), Stacey Stein (758-0608) or Nathalie Horowicz (758-2275),
John Nyby (758-3625), or Ruth Tallman at the Office ofResearch (758-3024). If you
would like. to learn more about this topic, a list of relevant articles can be obtained
from the experimenters.
If you have any problems concerning your participation in this experiment, please
contact the Participant Pool coordinator, Professor Martin 1. Richter, Department of
Psychology, Lehigh University (phone: 758-3622).
Thank you for your participation.
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Appendix J: Uncorrected Data
Subject no. condition luck individual skill opponent's skill control stress anx a
2 winners 2 4 4 4 80 1
4 winners 2 5 6 3 80 4
8 winners 3 5 5 5 70 5
12 winners 1 6 7 1 40 0
16 winners 2 5 4 2 60 2
18 winners 4 5 4 2 SO 0
20 winners 4 5 6 5 65 3
22 winners 1 4 7 2 20 0
28 winners 3 5 5 4 SO 1
32 winners 1 7 7 6 35 0
34 winners 4 4 4 5 90 0
38 winners 3 6 4 4 80 0
40 winners 4 6 6 3 65 0
43 winners 1 6 4 2 8 0
42 winners 3 5 5 3 90 1
46 winners 2 4 4 6 76 1
48 winners 4 6 5 2 50 0
52 winners 1 6 6 4 25 0
53 winners 2 6 6 2 50 0
58 winners 2 6 7 5 60 0
60 winners 2 6 6 3 80 3
62 winners 3 5 5 5 75 3
63 winners 1 5 5 5 70 0
68 winners 2 4 5 6 50 0
56
Subiect no. condition luck individual skill opponent's skill control stress anxa
1 losers 2 7 2 1 40 0
3 losers 1 5 5 4 75 1
7 losers 3 5 5 4 75 7
11 losers 1 2 6 7 85 0
15 losers 4 5 6 5 50 0
17 losers 1 7 7 4 85 9
19 losers 4 6 6 5 10 0
27 losers 1 7 7 4 30 2
31 losers 4 5 5 6 65 1
33 losers 2 5 5 5 77 3
37 losers 1 3 3 1 95 2
39 losers 2 4 4 2 25 0
41 losers 1 6 7 5 100 2
44 losers 2 5 3 2 15 0
47 losers 1 1 1 5 60 0
51 losers 4 4 6 4 65 1
54 losers 5 3 4 5 40 0
57 losers 1 5 5 4 20 0
59 losers 1 5 6 3 85 1
61 losers 1 7 7 4 100 0
64 losers 4 5 5 5 65 0
69 losers 5 5 5 4 60 1
57
Subject no. condition luck individual skill opponent's skill control stress anxa
5 controls • • • • 60 0
6 controls • • • • 50 0
9 controls • • • • 25 0
10 controls • • • • 50 1
13 controls • • • • 35 1
14 controls • • • • 65 3
23 controls • • • • 25 1
24 controls • • • • 10 0
2S controls • • • • 50 0
26 controls • • • • 35 0
29 controls • • • • 25 0
30 controls • • • • 50 2
35 controls • • • • 35 0
36 controls • • • • 30 0
49 controls • • • • 50 0
50 controls • • • • 74 1
55 controls • • • • 30 0
56 controls • • • • 55 0
65 controls • • • • 75 0
66 controls • • • • 75 2
58
Subject no. condition anx b dep a dep b host a hostb pa a pab
2 winners 2 2 0 5 0 0 2
4 winners 0 2 0 4 0 6 9
8 winners 4 1 1 6 3 11 11
12 winners 4 0 0 0 0 14 6
16 winners 1 0 0 4 2 4 10
18 winners 0 0 0 0 0 10 9
20 winners 0 0 0 0 0 6 9
22 winners 0 0 0 0 0 13 16
28 winners 1 0 0 1 1 6 1
32 winners 0 0 0 0 1 7 7
34 winners 1 0 0 1 2 11 8
38 winners 0 5 5 3 3 0 0
40 winners 0 0 0 0 0 10 13
43 winners 0 0 0 0 0 17 17
42 winners 0 0 0 1 1 1 2
46 winners 0 1 0 0 0 4 7
48 winners 0 0 0 0 0 0 5
52 winners 0 0 0 0 0 9 8
53 winners 0 0 0 1 2 12 5
58 winners 0 0 0 0 1 8 8
60 winners 1 3 0 2 0 6 6
62 winners 0 0 0 2 0 1 4
63 winners 0 0 0 3 1 1 3
68 winners 1 1 0 0 0 10 18
59
,;
Subject no. condition anxb dep a depb host a hostb paa pa b
1 losers 1 0 0 0 2 3 2
3 losers 0 0 0 0 1 9 8
7 losers 6 1 7 0 11 10 0
11 losers 0 1 1 1 1 0 0
lS losers 0 0 0 0 0 0 1
17 losers 6 3 4 10 10 0 0
19 losers 0 0 0 0 0 20 17
27 losers 2 0 6 0 9 18 17
31 losers 1 0 0 0 2 6 2
33 losers 1 2 3 3 2 2 1
37 losers 2 4 6 6 8 0 0
39 losers 0 3 1 0 0 1S 13
41 losers 2 1 1 0 0 9 3
44 losers 1 0 0 0 0 8 4
47 losers 0 0 1 0 0 3 1
51 losers 1 1 0 4 3 2 2
54 losers 0 0 0 0 0 7 5
57 losers 0 0 0 1 0 2 , 1
59 losers 0 0 0 0 0 7 3
61 losers 0 0 0 0 0 0 S
64 losers 1 0 1 ·0 6 14 1
69 losers 1 0 0 0 1 19 10
60
~Subiectno. condition anx b dep a dep b host a host b paa pa b
5 controls 0 0 0 0 0 11 12
6 controls 0 0 0 0 0 9 12
9 controls 0 0 1 1 0 11 8
10 controls 2 0 0 0 0 6 5
13 controls 0 0 0 1 1 5 3
14 controls 2 1 0 1 0 5 4
23 controls 1 1 0 4 3 10 14
24 controls 1 0 0 0 0 13 9
25 controls 0 0 0 0 0 9 12
26 controls 0 0 0 0 1 3 5
29 controls 0 0 1 0 0 18 18
30 controls 0 0 0 2 0 12 9
35 controls 1 0 0 0 0 12 5
36 controls 2 0 0 1 0 18 16
49 controls 3 0 0 0 2 5 2
50 controls 1 0 0 2 2 0 0
55 controls 1 0 0 0 1 10 8
56 controls 1 0 0 0 1 1 2
65 controls 1 1 0 0 0 3 5
66 controls 1 0 1 1 1 0 0
61
Subject no. condition ss a ss b dysa dys b pass a pass b T· 10 min before
2 winners 4 4 8 2 4 6 26
4 winners 7 7 10 0 13 16 29
8 winners 6 6 12 8 17 17 21
12 winners 3 7 0 4 17 13 25
16 winners 7 9 6 3 11 19 17
18 winners 2 4 0 0 12 13 21
20 winners 2 1 3 0 8 10 20
22 winners 5 6 0 0 18 22 38
28 winners 5 6 2 2 11 7 74
32 winners 10 8 0 1 17 15 54
34 winners 3 2 1 3 14 10 29
38 winners 4 3 8 8 4 3 38
40 winners 10 9 0 0 20 22 43
43 winners 6 9 0 0 23 26 22
42 winners 4 2 2 1 5 4 67
46 winners 4 4 2 0 8 11 26
48 winners 3 5 0 0 3 10 206
52 winners 5 4 0 0 14 12 83
53 winners 3 2 1 2 15 7 32
58 winners 7 7 0 1 15 15 61
60 winners 2 5 8 1 8 11 16
62 winners 4 5 5 0 5 9 103
63 winners 2 2 3 1 3 5 29
68 winners 9 10 1 1 19 28 19
62
Subject no. condition ss a ss b dysa dys b pass a pass b T- 10 min before
1 losers 7 8 0 3 10 10 62
3 losers 3 2 1 1 12 10 24
7 losers 6 7 8 24 16 7 140
11 losers 2 2 2 2 2 2 13
15 losers 3 3 0 0 3 4 5
17 losers 4 3 22 20 4 3 21
19 losers 9 9 0 0 29 26 21
27 losers 7 6 2 17 25 23 29
31 losers 3 6 1 3 9 8 33
33 losers 2 1 8 6 4 2 197
37 losers 6 4 12 16 6 4 23
39 losers 7 8 3 1 22 21 124
41 losers 3 2 3 3 12 5 54
44 losers 4 4 0 1 12 8 170
47 losers 8 7 0 1 11 8 29
51 losers 4 5 6 4 6 7 10
54 losers 5 6 0 0 12 11 18
57 losers 1 0 1 0 3 1 78
59 losers 5 4 1 0 12 7 31
61 losers 3 6 0 0 3 11 85
64 losers 10 6 0 8 24 7 26
69 losers 3 6 1 2 22 16 143
63
Subiect no. condition ss a ss b dys a dys b pass a pass b T- 10 min before
5 controls 4 5 0 0 15 17 43
6 controls 7 8 0 0 16 20 19
9 controls 0 0 1 1 11 8 38
10 controls 8 6 1 2 14 11 22
13 controls 9 9 2 1 14 12 59
14 controls 2 5 5 2 7 9 63
23 controls 8 8 6 4 18 22 19
24 controls 4 6 0 1 17 15 64
25 controls 5 6 0 0 14 18 57
26 controls 3 4 0 1 6 9 24
29 controls 4 6 0 1 22 24 34
30 controls 8 5 4 0 20 14 21
35 controls 7 2 0 1 19 7 24
36 controls 11 10 1 2 29 26 52
49 controls 2 5 0 5 7 7 22
50 controls 2 4 3 3 2 4 58
55 controls 1 1 0 2 11 9 22
56 controls 4 4 0 2 5 6 27
65 controls 4 5 1 1 7 10 95
66 controls 3 4 3 3 3 4 40
64
Subject no. condition T-I min after T-IS min after T- 1 week after C-10 min before C-I min after C- 15 min after C- 1 week after
2 winners 20 21 19 28 43 S9 13
4 winners 27 29 19 22 24 63 18
8 winners 22 19 22 18 17 14 15
12 winners 34 lS 91 29S 12 190 67S
16 winners 100 32 22 37 224 62 47
18 winners 103 22 18 19 178 16 30
20 winners 19 21 28 28 4S 49 23
22 winners 18 18 28 37 22 27 31
28 winners 319 815 179 104 337 171 170
32 winners 12 23 36 54 21 14 18
34 winners 29 54 33 25 52 280 20
38 winners 32 34 46 12 12 11 13
40 winners 50 45 47 29 17 0 0
43 winners 35 37 41 42 14 49 23
42 winners 34 47 34 29 50 53 31
46 winners 20 23 26 21 65 82 52
48 winners 88 78 51 36 118 238 71
52 winners 35 47 85 39 61 120 107
53 winners 23 16 19 30 53 58 82
58 winners 153 50 25 23 48 118 142
60 winners 26 27 40 75 50 59 45
62 winners 36 92 54 79 43 45 19
63 winners 11 26 • 43 46 12 0
68 winners 17 29 • 19 26 47 0
65
Subiect no. condition T-I min after T-15 min after T- I week after C-lO min before C-I min after C- 15 min after C- I week after
1 losers 147 24 15 19 28 16 16
3 losers 51 24 40 19 176 112 46
7 losers 38 55 32 122 30 44 49
11 losers 5 • 19 231 199 187 249
15 losers 46 62 110 10 70 97 126
17 losers 45 109 51 82 71 94 34
19 losers 169 34 218 15 138 44 63
27 losers 35 26 31 88 90 104 76
31 losers 39 40 26 46 75 70 30
33 losers 41 41 48 85 27 20 104
37 losers 34 38 44 36 24 19 26
39 losers 76 42 55 51 83 71 45
41 losers 55 42 35 46 25 21 36
44 losers 278 446 134 40 74 116 54
47 losers 20 18 18 33 22 56 34
51 losers 20 26 31 8 17 32 16
54 losers 28 13 78 27 20 14 133
57 losers 104 82 32 73 64 31 16
59 losers 26 44 29 21 12 15 37
61 losers 70 26 24 26 12 23 17
64 losers 30 132 24 19 23 93 21
69 losers 216 58 141 43 70 32 26
66
Subiect no. condition T-1 min after T-15 min after T- 1 week after ColO min before C-1 min after c- 15 min after C- I week after
5 controls 34 27 32 45 36 36 39
6 controls 12 19 18 63 10 12 15
9 controls 39 26 19 39 24 23 20
10 controls 25 36 31 20 20 42 35
13 controls 266 30 31 47 66 56 92
14 controls 27 24 9 77 41 121 14
23 controls 15 14 13 10 16 14 10
24 controls 158 40 43 31 81 30 42
25 controls 30 37 49 51 48 45 44
26 controls 19 22 29 14 40 35 28
29 controls 31 25 32 30 98 28 14
30 controls 17 18 11 11 82 117
"35 controls 35 55 25 25 24 52 27
36 controls • 116 52 36 423 159 43
49 controls 28 30 25 35 60 69 22
50 controls 31 71 88 70 46 47 79
55 controls 0 13 13 24 90 31 19
56 controls 30 22 25 42 57 15 25
65 controls 208 45 34 40 151 56 54
66 controls 125 24 17 37 43 21 14
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